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BRIEF ON APPEAL 

This is an appeal from the Office Action mailed May 8, 2003, finally rejecting claims 
1-6, 8-12, 15, 22-30, 37-50, 57-63, 74-76 and 100-105 in the application. A Notice of Appeal 
was timely filed on May 28, 2003, with the accompanying fee. Our check in the amount of 
$320.00 accompanies this Brief in accordance with 37 CFR §1.1 7(c). 

Real Party in Interest £j 

The real party in interest in this application is Micron Technology, Inc., by an assignrpent 
from the named inventors recorded in the files of the U.S. Patent and Trademark Office-at F^el 
012234, Frame 0648. '° 0 



Related Appeals and Interferences £ 
There are no related cases in which an appeal or interference has been filed. 
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Status of Claims 

Claims 1-72, 74-76 and 80-106 are pending in this application. Claims 7, 13-14, 16-21 
31-36, 51-56, 64-72, 80-99, and 106 have been withdrawn from consideration. Claims 73 and 
77-79 were previously cancelled. Accordingly, claims 1-6, 8-12, 15, 22-30, 37-50, 57-63, 74-76 
and 100-105 are before this Board for consideration on appeal. A copy of the appealed claims is 
found in the Appendix attached to this brief. 

Status of Amendments 

All of the amendments previously filed in this application have been entered. 

Summary of the Invention 

The present invention is directed to a method of making stabilized capacitors and DRAM 
cells. In one embodiment, the method includes depositing a first layer of high dielectric constant 
oxide dielectric material such as Ta 2 C>5 or Ba x Sr(i_ x) Ti03 onto a conductive oxide electrode which 
preferably comprises RuO x or IrO x , and simultaneously oxidizing the conductive oxide electrode 
and first layer of high dielectric constant oxide dielectric material. A second layer of the high 
dielectric constant oxide material is then deposited onto the first layer of the conductive oxide 
electrode, and an upper layer electrode is deposited onto the second layer of high dielectric 
constant oxide dielectric material. 

As described in the specification at pages 5-7 and illustrated in Fig. 1, the capacitor 22 of 
the present invention is provided on an insulating layer 16 and electrically conductive plug 20 of 
a semiconductor bulk silicon substrate 12. The conductive plug 20 constitutes a node to which 
an electrical connection to the capacitor 22 may be made. As shown, the capacitor 22 comprises 
an oxide electrode 24 which is deposited onto the insulating layer 16 and conductive plug 20. 
The oxide electrode 24 is formed by depositing RuO x or IrO x using chemical vapor deposition. 

A thin layer of a high dielectric constant oxide dielectric material 28 is deposited on 
oxide electrode 24. The stack, including the layer of oxide dielectric 28, and the oxide electrode 
24, is oxidized. The oxidation is preferably carried out by a gas plasma treatment at a 
temperature of about 400°C. This step provides the surface, and preferably an upper portion of 
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the oxide electrode, with enough oxygen so that electrode 24 is stable with the oxide dielectric 
layer 28. 

After oxidation, a second layer 30 of high dielectric constant oxide dielectric material is 
deposited on layer 28. The second layer is preferably oxidized by plasma treatment, furnace 
oxidation, or rapid thermal oxidation. 

A top electrode 32, which preferably comprises RuO x or IrO x , is deposited on second 
layer 30. The top electrode 32 is preferably oxidized, such as by a gas plasma treatment. 
Alternatively, a permeable electrode 34 (preferably platinum) may be deposited on top layer 
electrode 32 and annealed under oxidizing conditions which oxidizes the top layer electrode 32. 

As illustrated in Fig. 2 and described at pages 9 and 10, when RuO x is used as oxide 
electrode 24, an alternative method is to oxidize the upper surface of the RuO x layer 24 prior to 
Ta 2 0 5 deposition to provide a stable RuO x / Ta 2 C>5 interface. 

As illustrated in Fig. 3 and described at pages 10-1 1, a DRAM cell may also be formed in 
accordance with another embodiment of the present invention which includes a semiconductor 
substrate 40 including two memory cells having a capacitor 42 and a shared bit contact 44. The 
capacitors 42 comprise a first capacitor electrode 50, a capacitor dielectric 52 comprising a first 
layer of a high dielectric constant oxide dielectric 52a, a second layer of a high dielectric 
constant oxide dielectric material 52b, and a second capacitor electrode/cell plate 54. These 
layers are formed using the conductive oxide electrode materials and high dielectric constant 
oxide dielectric materials and methods described above. 

The method of the present invention provides an advantage during fabrication in that the 
oxidation of the first and second oxide dielectric layers occurs at lower temperatures than prior 
deposition processes (i.e., less than 700°C) because no oxygen is lost through diffusion to the 
bottom oxide electrode during the gas plasma treatments. 

Issues Presented 

The issues presented for review on appeal are: 

1) Whether the Examiner erred in rejecting claims 1-6, 15, 22-30, 37-42, 45-49, 74-76, and 
100-105 under 35 U.S.C. 102(e) as being anticipated by Kunitomo et al. (U.S. 6,235,572). 
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2) Whether the Examiner erred in rejecting claims 8-12, 43-44, 50 and 57-61 under 35 
U.S.C. 103(a) as being unpatentable over Kunitomo et al. in view of Joo (U.S. 5,879,957). 

3) Whether the Examiner erred in rejecting claims 11-12 and 62-63 under 35 U.S.C. 103(a) 
as being unpatentable over Kunitomo et al. and Joo in view of Kingon et al. (U.S. 5,555,486). 

Grouping of Claims 

The Examiner has made three grounds of rejection, rejecting claims 1-6, 15, 22-30, 37- 
42, 45-49, 74-76, and 100-105 under 35 U.S.C. 102(e) as being anticipated by Kunitomo et al. 
(U.S. 6,235,572); rejecting claims 8-12, 43-44, 50 and 57-61 under 35 U.S.C. 103(a) as being 
unpatentable over Kunitomo et al. in view of Joo (U.S. 5,879,957); and rejecting claims 11-12 
and 62-63 under 35 U.S.C. 103(a) as being unpatentable over Kunitomo et al. and Joo in view of 
Kingon et al. (U.S. 5,555,486). 

The application contains eight rejected independent claims, namely, claims 1, 8, 1 1, 15, 
28, 40, 50, and 100. Applicants submit that the claims do not stand or fall together. The 
patentability of each independent claim will be separately argued. Additionally, the separate 
patentability of dependent claims 2-4, 6, 22-24, 42, 45, and 47-79 will be argued. 

The References 

Kunitomo et al., U.S. Patent No. 6,235,572 . Kunitomo et al. teach a method of 
manufacturing a semiconductor device including a capacitor C comprising two or more tantalum 
oxide films 56 and 58 having a polycrystalline structure, a lower electrode 54 formed of 
ruthenium, tungsten or titanium, and an upper electrode 62 comprised of titanium nitride. The 
method includes the steps of forming lower electrode 54 by depositing a ruthenium film 51 and 
reaction protect layer 53, depositing a first tantalum oxide film 55 on the semiconductor 
substrate 1, and subjecting the tantalum oxide film to a heat treatment to polycrystallize the film. 
The heat treatment may be performed in a single step (temperature of 700 to 850°C in an oxygen 
atmosphere) or in two separate steps (temperature of 600°C or less followed by second treatment 
at 650 to 850°C in an oxygen atmosphere). A second tantalum oxide film 57 is then deposited 



MIO 0057 PA 
Serial No. 09/904,112 



-5- 



on the first crystallized tantalum oxide film 56 and heat treated to crystallize and form second 
film 58. Titanium nitride film is deposited on the crystallized tantalum oxide film 58 to form 
upper electrode 62. 

Joo, U.S. Patent No. 5,879,957 . Joo teaches a method of making a capacitor for a 
semiconductor device in which, in one embodiment, an oxide layer 32 is formed on a silicon 
substrate 31, and a ruthenium layer 35 is formed on a polysilicon plug 34 and oxide layer 32. A 
conductive ruthenium oxide layer 36 is formed on the ruthenium layer 35 by a reactive sputtering 
method, a thermal oxidation method, or a plasma oxidation method, and a platinum layer 37 is 
formed on the Ru oxide layer 36. A dielectric layer 40 is formed over the surface of platinum 
layer 37 and a second platinum layer 41 is formed on the dielectric layer. 

Kingon et al, U.S. Patent No. 5,555,486 Kingon et al. teach the use of capacitors having 
hybrid electrode structures. The top electrode comprises a conductive layer 25 which may 
comprise a hybrid electrode such as Pt/Ru0 2 or RuC>2/Pt. 

ARGUMENT 

I. Summary of Argument 

The Examiner has failed to establish, by evidence or reasoning, that claims 1-6, 15, 22- 
30, 37-42, 45-49, 74-76, and 100-105 are anticipated by Kunitomo et al. Kunitomo et al. do not 
teach or suggest a method that includes oxidizing a conductive oxide electrode and a first layer 
of high dielectric constant oxide dielectric material such that the surface of the conductive oxide 
electrode is provided with enough oxygen to provide stability with the first layer of high 
dielectric constant oxide dielectric material as claimed. 

Nor has the Examiner established a prima facie case, by evidence or reasoning, that any 
of the rejected claims would have been obvious with respect to the proposed combination of 
references. The Examiner relies on Joo for teaching oxidation of a ruthenium oxide layer, but 
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ignores the fact that neither Joo nor Kunitomo et al. teach oxidation of an upper layer electrode 
as claimed. 

Nor do the combined teachings of Kunotomo et al., Joo, or Kingon et al. teach or suggest 
depositing a gas permeable electrode on an upper layer electrode and oxidizing the upper layer 
electrode through the gas permeable electrode as claimed. 

II. Kunitomo et al. do not anticipate claims 1-6, 15, 22-30, 37-42. 45-49. 74-76, and 100-105 . 

In order for a reference to anticipate claimed subject matter, each and every limitation in 
the claims must either be explicitly disclosed by, or inherent from, the reference. Diversitech 
Corp. v. Century Steps, Inc., 7 USPQ2d 1315, 1317 (Fed. Cir. 1988); Kalman v. Kimberly Clark 
Corp., 218 USPQ 781, 789 (Fed. Cir. 1983). Moreover, it is incumbent upon the Examiner to 
identify wherein each and every facet of the claimed invention is disclosed in the applied 
reference. Lindemann Maschinenfabrik GmbH v. American Hoist and Derrick, 221 USPQ 481 
(Fed. Cir. 1984); Ex parte Levy, 17 USPQ2d 1461 (PTOBPAI 1990). Finally, there must be a 
disclosure in a single reference of all claim elements arranged as in that claim. Panduit Corp. v. 
Dennison Mfg. Co., 227 USPQ 337, 350 (Fed. Cir. 1985). 

Applicants' claim 1 recites, inter alia, a method of forming a capacitor comprising 
providing a conductive oxide electrode (lower electrode), depositing a first layer of a high 
dielectric constant oxide dielectric material on the conductive oxide electrode, and oxidizing the 
conductive oxide electrode and first layer of high dielectric constant oxide dielectric material 
under oxidizing conditions such that at least the surface of conductive oxide electrode is 
provided with enough oxygen to provide stability with the first layer of high dielectric constant 
oxide dielectric material. 

Kunitomo et al. teach lower electrodes (54) which are formed from a reaction protect 
layer 53 such as a ruthenium oxide film, and a film 51 which may comprise a ruthenium oxide 
film, tungsten film, or titanium nitride film. In order to anticipate applicants' claim 1, one skilled 
in the art would have to oxidize the tantalum oxide film 56 and electrodes 54 of Kunitomo et al. 
in a manner which provides the electrodes 54 with sufficient oxygen to be stable with the high 
dielectric constant oxide material. 
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Kunitomo et al. do not teach a method in which the lower electrodes 54 and tantalum 
oxide layer 56 are oxidized as claimed. Rather, Kunitomo et al. teach crystallizing the tantalum 
oxide layer 56 in an oxidation atmosphere. The Examiner maintains at pages 3 and 4 of the final 
rejection that Kunitomo teaches that the lower electrodes are oxidized because "Kunitomo 
teaches that the tantalum oxide, and consequently the lower electrode is subjected to a heat 
treatment at a temperature of 650°C or more in an oxidation atmosphere." The Examiner further 
suggests that the conductive oxide layer of Kunitomo "is provided with enough oxygen so as to 
be stable with the oxide dielectric layer" as a result of such a heat treatment. However, this 
treatment refers to crystallization of the tantalum oxide, and there is no explicit teaching or 
suggestion in Kunitomo et al. that the lower electrodes 54 become oxidized due to the tantalum 
oxide layer 55 being crystallized. Nor is there any explicit teaching or suggestion in Kunitomo 
et al. that such a crystallization step would result in a surface of the conductive oxide electrode 
being provided with enough oxygen to provide stability with the layer of high dielectric constant 
oxide dielectric material. Rather, Kunitomo et al. teach that the oxidation atmosphere is desired 
"to recover oxygen defect of crystallized tantalum oxide and to attain a polycrystalline tantalum 
film having excellent crystal characteristics." See col. 18, lines 54-58. Kunitomo is silent with 
respect to oxidation of lower electrodes 54. 

Also at page 4 of the final rejection, the Examiner refers to col 21, lines 15-34 of 
Kunitomo et al., asserting that the lower electrodes are oxidized when performing the 
crystallization process of the tantalum oxide film. Applicants wish to point out that Kunitomo 
teaches that this occurs only when a ruthenium oxide layer is formed on the electrodes in 
advance, which requires that one choose ruthenium oxide as the conductive oxide electrode in 
the first place. And, as previously pointed out, Kunitomo et al. teach various methods of 
preventing further oxidation of the electrodes 54 and/or the crystallized films 56 and 58. See col. 
19, lines 15-25; and col. 21, lines 27-28. One would have to selectively pick and choose from 
among the many disparate teachings of Kunitomo et al. to arrive at the claimed invention. Claim 
1 is clearly patentable over Kunitomo et al. 

Furthermore, Kunitomo et al. do not teach or suggest oxidation of both the lower 
electrode and dielectric material by a gas plasma treatment as recited in dependent claims 2 and 



MIO 0057 PA 
Serial No. 09/904,112 



-8- 



3. Rather, Kunitomo et al. appear to teach away from plasma treatment of tantalum oxide films 
as they state that tantalum oxide films subjected to plasma treatment have a lower dielectric 
constant than crystallized tantalum oxide films and are "therefore disadvantageous for high 
integration of a DRAM." See col. 2, lines 22-27. In order for there to be anticipation, there must 
be some explicit teaching in Kunitomo et al. to oxidize using a gas plasma. 

Nor do Kunitomo et al. teach or suggest a gas plasma treatment at a temperature range of 
from about 250°C to 500°C as recited in dependent claim 4. Rather, Kunitomo et al. teach heat 
treatment at a temperature of 650°C or more. See col. 18, lines 46-50. While Kunitomo et al. 
teach the use of lower oxidation temperatures, i.e., 600°C or less, such lower temperatures are 
not used in connection with a gas plasma oxidation treatment and are used only when 
crystallization of the tantalum oxide film is carried out separately from oxidation processing and 
the lower electrode is not oxidized. See col. 19, lines 8-25. 

With regard to claim 6 which recites the use of amorphous tantalum oxide, applicants 
wish to point out that Kunitomo et al. teach only the use of crystallized tantalum oxide film. As 
pointed out above, Kunitomo et al. teach away from the use of amorphous films. See col. 2, 
lines 22-42. Claim 6 is clearly patentable over Kunitomo et al. For all of these reasons, claims 
1-6 and 74-76 are patentable over Kunitomo et al. 

Applicants' independent claim 15 further recites a method where the high dielectric 
constant dielectric material comprises Ta 2 0 5 , and recites that the second layer of high dielectric 
constant oxide dielectric material is oxidized. Kunitomo et al. do not teach or suggest oxidizing 
the second layer of crystalline tantalum oxide, but rather teach that further oxidation is restricted 
so as to avoid stress on the crystallized tantalum oxide film 58. See col. 21, lines 27-30. Nor do 
Kunitomo et al. teach or suggest oxidizing the second layer of tantalum oxide by rapid thermal 
oxidation as recited in claims 22-24. Claims 15 and claims 22-27, which depend therefrom, are 
patentable over Kunitomo et al. 

Independent claim 28 recites the additional steps of oxidizing and crystallizing the second 
layer of dielectric material, and depositing an upper layer electrode on the second layer of 
dielectric material. As pointed out above, Kunitomo et al. do not teach or suggest oxidizing their 
second film layer 58, nor do Kunitomo et al. teach providing the surface area of the conductive 
oxide electrode with sufficient oxygen to be stable with the first layer of oxide dielectric material 
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as claimed. Nor do Kunitomo et al. teach rapid thermal oxidation as recited in claims 37-39. 
Claims 28-30 and 37-39 are patentable over Kunitomo et al. 

Claim 40 recites, inter alia, a method of forming a capacitor comprising providing a 
conductive oxide electrode selected from the group consisting of RuO x and IrO x , depositing a 
first layer of a dielectric material selected from the group consisting of Ta 2 Os and Ba x Sr ( i. X )Ti03 
on the conductive oxide electrode, oxidizing the conductive oxide electrode and first layer of 
dielectric material with a gas plasma such that at least the surface area of the conductive oxide 
electrode is provided with enough oxygen to provide stability with the first layer of dielectric 
material, depositing a second layer of dielectric material on the first layer of dielectric material, 
depositing an upper layer electrode on the second layer of dielectric material, and oxidizing the 
upper layer electrode. 

As previously pointed out, Kunitomo et al. do not teach oxidizing both the lower 
electrode 54 and tantalum oxide film 56 by a gas plasma treatment as claimed. Nor do Kunitomo 
et al. teach or suggest that the surface of the electrode 54 is provided with enough oxygen to 
provide stability with the first tantalum oxide film layer 56. 

Further, as applicants previously pointed out, one skilled in the art would have to pick 
ruthenium oxide as the lower electrode from among several of Kunitomo's disclosed materials 
including tungsten, titanium nitride, and ruthenium. See col. 18, lines 15-17. The Examiner 
maintained in the final rejection that "when a species is clearly named, the species claim is 
anticipated no matter how many other species are additionally named." The Examiner further 
asserted that Kunitomo et al. anticipate the claims because they disclose all of the elements of the 
claimed invention, i.e., a ruthenium oxide lower electrode. However, applicants wish to remind 
the Examiner that the present claims are directed to a multi-step method of forming a capacitor, 
not to a chemical compound. The Examiner's species/genus logic is limited to composition. 
Even if one picks and chooses from the materials disclosed in Kunitomo et al. to meet one step in 
the process, that does not equate to anticipating the entire claim which recites multiple steps. 

Accordingly, claim 40 is clearly patentable over Kunitomo et al. Nor do Kunitomo et al. 
teach a gas plasma oxidation method at the temperature range recited in claim 42. For all of 
these reasons, claims 40-42 are also patentable over Kunitomo et al. 
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Dependent claim 45 further recites that the upper layer electrode is selected from RuO x 
and IrO x . Kunitomo et al. teach the use of titanium nitride as the upper layer electrode. While 
Kunitomo et al. teach that a ruthenium oxide film may be used in place of titanium nitride, one 
would have to be motivated to pick and choose ruthenium oxide as the upper electrode. This 
negates anticipation. See In reArkley, 172 USPQ 524 (CCPA 1972). 

Dependent claims 47, 48, and 49 recite the steps of oxidizing the surface of the 
conductive oxide electrode prior to depositing the first layer of dielectric material, where the 
surface of the conductive oxide electrode is oxidized at a temperature of from about 400 to 
475°C in an atmosphere containing a gas selected from O2, O3, and N2O. Kunitomo et al. do not 
teach oxidizing the surface of their lower electrodes prior to depositing the tantalum oxide film. 
Nor do Kunitomo et al. teach oxidation of their lower electrode at a temperature of 400 to 475°C 
using a gas as claimed. While Kunitomo et al. teach oxidation processing at 400°C in an ozone 
atmosphere, such a condition is referred to as a loose condition in which the lower electrode is 
not oxidized. See col. 19, lines 21-26. 

Claims 100-105 recite a method of forming a DRAM cell which includes the steps of 
depositing a first layer of a high dielectric constant oxide dielectric material on a conductive 
oxide electrode, oxidizing the conductive oxide electrode and first layer of high dielectric 
constant dielectric material such that the surface area of the conductive oxide electrode is 
provided with enough oxygen to provide stability with the first layer of high dielectric constant 
oxide dielectric material, depositing a second layer of high dielectric constant oxide dielectric 
material on the first layer, depositing an upper layer electrode on the second layer, and providing 
a field effect transistor for connection with the conductive oxide electrode and bit line. These 
claims are believed to be patentable for the same reasons discussed above with regard to claims 
1-6. 

III. The Examiner's burden of establishing a prima facie case of obviousness has not been met. 

It is well established that the burden of establishing a prima facie case of obviousness 
resides with the Examiner. In re Fine , 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988); In re 
Piasecki , 745 F.2d 1468, 223 USPQ 785 (Fed. Cir. 1984). This burden can be satisfied only by 
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showing some objective teaching in the prior art, or that knowledge generally available to one of 
ordinary skill in the art, would lead that individual to the claimed invention. Both the teaching 
and a reasonable expectation of success must be found in the prior art, not in applicants* 
disclosure. In re Vaeck , 20 USPQ2d 1438 (Fed.Cir. 1991). 

Where the teachings of references are proposed to be combined, it is encumbent upon the 
Examiner to explain why the combination of reference teachings is proper. The suggestion to 
modify the reference teachings must come from the references themselves, not from applicants' 
disclosure. See/« reLaskowski, 871 F.2d 115, 117, 10USPQ2d 1397, 1398-99 (Fed. Cir. 1989); 
In re Fine, supra 837 F.2d at 1075 ("[TJeachings of references can be combined, only if there is 
some suggestion or incentive to do so. Here, the prior art contains none."); Uniroyal v. Rudkin- 
Wiley Corp., 837 F.2d 1044, 1051, 5 USPQ2d 1434 (Fed. Cir.), cert, denied, 109 S. Ct. 75 (1988) 
("When prior art references require selective combination. ..to render obvious a subsequent 
invention, there must be some reason for the combination other than the hindsight gleaned from 
the invention itself. Something in the prior art as a whole must suggest the desirability, and thus 
the obviousness, of making the combination.") Applicants submit that the proposed combination 
of references here are not based on any objective teaching or suggestion in the references 
themselves, but rather are based on prohibited hindsight using the claimed invention as a 
blueprint. Interconnect Planning Corp. v. Feil 9 114 F.2d 1 132, 227 USPQ 543 (Fed. Cir. 1985). 

Where no expressed teaching or suggestion is apparent from the references, the Examiner 
must establish, with evidence or reasoning, why one skilled in the art would have been led by the 
relevant teachings of the applied references to make the proposed combination. In re Gordon, 
733 F.2d 900, 221 USPQ 1 125 (Fed. Cir. 1984); ACS Hospital System, Inc. v. Montefiore 
Hospital, 732 F.2d 1572, 221 USPQ 929 (Fed. Cir. 1984). 

Applicants submit that upon close examination, the Examiner did not meet her burden of 
establishing a prima facie case of obviousness as to any of the claims on appeal. 

IV. The combined teachings of Kunitomo et al. and Joo do not render the claims obvious 

With regard to the rejection of claims 8-12, 43-44, 50 and 57-61 based on Kunimoto et al. 
in view of Joo, the Examiner has acknowledged that Kunitomo et al. do not disclose the step of 
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oxidizing the upper layer electrode using a gas plasma as recited in claims 8-10. The Examiner 
relies on Joo for teaching a method of oxidizing an upper layer electrode utilizing a gas plasma, 
referring to col. 4, lines 46-56. However, this teaching refers to the formation of the ruthenium 
oxide layer 36 on the ruthenium layer 35, not oxidation of the upper layer electrode as claimed. 
Further, Joo teaches that the ruthenium oxide layer may be formed by any of a reactive 
sputtering method, a thermal oxidation method, or a plasma oxidation method. There is no 
teaching or suggestion in Joo or Kunitomo et al. which would lead one skilled in the art to 
choose a plasma oxidation method for oxidation of an upper layer electrode as claimed. While 
the Examiner asserts in the final rejection that one skilled in the art would choose a plasma 
method rather than a thermal method "so that the thermal budget may be lowered," the Examiner 
is reminded that Kunitomo et al. teach away from the use of gas plasma. See col. 2, lines 22-27. 
Nor is there any teaching or suggestion in Joo of performing a plasma oxidation within the 
claimed temperature range. 

Further, as applicants previously pointed out, neither Kunitomo et al. nor Joo teach or 
suggest oxidizing an upper layer electrode. While Joo teaches teaches that a ruthenium oxide 
layer 36 may be formed by an oxidation method, this layer comprises the lower electrode of the 
capacitor, not an upper layer electrode. See col. 5, lines 27-30. The Examiner has previously 
responded by stating that she did not rely upon Joo et al. to disclose forming the upper electrode 
of ruthenium oxide, only to show the method of forming ruthenium oxide. However, Joo's 
teaching that ruthenium oxide may be formed by an oxidation method does not make it obvious 
to oxidize an upper layer electrode as claimed. At best, Joo might suggest forming 
Kunitomo's lower electrode using such a method. But such would not result in the claimed 
method. The fact that one skilled in the art could perform a step in a process in a certain way 
does not establish the requisite suggestion or motivation to do so. Claims 8-10 are clearly 
patentable over the combination of Kunitomo et al. and Joo. 

With regard to claims 11-12, which recite depositing a gas permeable electrode 
(platinum) on the upper layer electrode and oxidizing the upper layer electrode through the gas 
permeable electrode, applicants wish to point out that neither Kunitomo et al. nor Joo et al teach 
or suggest such process steps. The Examiner has provided no substantive reasoning for rejecting 
these claims. Applicants also wish to point out that the Examiner admitted at page 8 of the final 
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rejection that Kunitomo et al. and Joo et al. "do not disclose the method of forming a platinum 
electrode on the upper layer electrode," 

With regard to claims 43-44, applicants wish to point out that these claims depend from 
independent claim 40, which the Examiner did not reject based on the combined teachings of 
Kunitomo et al. and Joo. Again, neither Kunitomo et al nor Joo et al. teach oxidizing an upper 
layer electrode using a gas plasma at the claimed temperature range. 

With regard to the rejection of claims 50 and 57-63, independent claim 50 recites the step 
of oxidizing the upper layer electrode, which step is not taught or suggested by either Kunitomo 
et al. or Joo as discussed above. Nor do Kunitomo et al. nor Joo teach oxidation of an upper 
layer electrode using a gas plasma as recited in claims 60-61 . 

With regard to claims 57-59 which recite oxidation of the second layer of dielectric 
material by rapid thermal oxidation, applicants submit that neither Kunitomo et al. nor Joo teach 
the claimed oxidizing conditions. The only teaching in Joo of oxidizing using thermal oxidation 
or plasma oxidation refers to the oxidation of the sides of ruthenium layer pattern 45a, which 
forms the lower electrode of Joo 's capacitor. See col. 4, lines 47-50. Joo does not teach or 
suggest oxidizing a second layer of dielectric material. 

V. Claims 11-12 and 62-63 are patentable over the combined teachings of Kunitomo et al., Joo, 
and Kingon et al. 

The Examiner maintains that it would have been obvious to form a gas permeable 
electrode on an upper electrode as recited in claim 1 1, referring to Kingon et al., who teach a top 
electrode which may comprise a hybrid electrode structure such as Pt/Ru02. The Examiner 
refers to the abstract of Kingon et al., asserting that one skilled in the art would have been 
motivated to form a gas permeable electrode on an upper electrode as claimed because Kingon et 
al. teach that the hybrid electrode structures improve capacitor performance. However, this 
teaching clearly refers to the benefits provided by the hybrid electrode structure (Pt/Ru0 2 ) itself, 
not by the formation of a gas permeable electrode on an upper electrode. 

Nor does Kingon et al. disclose oxidizing the upper layer electrode through a gas 
permeable electrode as claimed and as acknowledged by the Examiner at page 9 of the final 
rejection. The Examiner asserts that such would have been prima facie obvious in the absence of 
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new or unexpected results. However, applicants wish to point out that the examiner has the 
burden of establishing a prima facie case of obviousness. The Examiner has failed to present 
any facts or evidence, nor has she pointed to any reference, which suggests forming a gas 
permeable electrode on an upper layer electrode and oxidizing the upper layer electrode through 
the gas permeable electrode. Accordingly, applicants are under no obligation to provide 
evidence of unexpected results. 

VI. Conclusion 

The prior art references clearly do not anticipate, nor render obvious, the claims of the 
present invention as they do not teach or suggest a method of forming a capacitor in which a high 
dielectric constant oxide dielectric material is oxidized simultaneously with a conductive oxide 
electrode using a gas plasma treatment such that the surface of the conductive oxide electrode is 
provided with enough oxygen to provide stability with the first layer of high dielectric constant 
oxide dielectric material as claimed. The Board is requested to reverse the rejections of claims 
1-6, 8-12, 15, 22-30, 37-50, 57-63, 74-76 and 100-105 in their entirety. 
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APPENDIX 

The Claims on Appeal 

1 . A method of forming a capacitor comprising providing a conductive oxide electrode, 
depositing a first layer of a high dielectric constant oxide dielectric material on said conductive 
oxide electrode, oxidizing said conductive oxide electrode and said first layer of said high 
dielectric constant oxide dielectric material under oxidizing conditions such that at least the 
surface of said conductive oxide electrode is provided with enough oxygen to provide stability 
with said first layer of high delectric constant oxide dielectric material, depositing a second layer 
of said high dielectric constant oxide dielectric material on said first layer of said high dielectric 
constant oxide dielectric material, and depositing an upper layer electrode on said second layer 
of said high dielectric constant oxide dielectric material. 

2. A method as claimed in claim 1 wherein said high dielectric constant oxide dielectric 
material is oxidized using a gas plasma, 

3. A method as claimed in claim 2 wherein said gas plasma is formed from a gas selected 
from the group consisting of O2 and O3. 

4. A method as claimed in claim 2 wherein the gas plasma oxidation is carried out at a 
temperature in the range of from about 250° to about 500°C. 

5. A method as claimed in claim 1 wherein said high dielectric constant oxide dielectric 
material is T^Os. 

6. A method as claimed in claim 5 wherein said high dielectric constant oxide dielectric 
material is amorphous Ta20s. 



MIO 0057 PA 
Serial No. 09/904,112 



-16- 



8. A method of forming a capacitor comprising providing a conductive oxide electrode, 
depositing a first layer of a high dielectric constant oxide dielectric material on said conductive 
oxide electrode, oxidizing said conductive oxide electrode and said first layer of said high 
dielectric constant oxide dielectric material under oxidizing conditions, depositing a second layer 
of said high dielectric constant oxide dielectric material on said first layer of said high dielectric 
constant oxide dielectric material, depositing an upper layer electrode on said second layer of 
said high dielectric constant oxide dielectric material, and oxidizing said upper layer electrode 
under oxidizing conditions. 

9. A method as claimed in claim 8 wherein said upper layer electrode is oxidized using a 
gas plasma. 

10. A method as claimed in claim 9 wherein said gas plasma oxidation is carried out at a 
temperature in the range of from about 250° to about 500°C. 

11. A method of forming a capacitor comprising providing a conductive oxide electrode, 
depositing a first layer of a high dielectric constant oxide dielectric material on said conductive 
oxide electrode, oxidizing said conductive oxide electrode and said first layer of said high 
dielectric constant oxide dielectric material under oxidizing conditions, depositing a second layer 
of said high dielectric constant oxide dielectric material on said first layer of said high dielectric 
constant oxide dielectric material, depositing an upper layer electrode on said second layer of 
said high dielectric constant oxide dielectric material, depositing a gas permeable electrode on 
said upper layer electrode, and oxidizing said upper layer electrode through said gas permeable 
electrode. 
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12. A method as claimed in claim 1 1 wherein said gas permeable electrode comprises 
platinum. 

15. A method of forming a capacitor comprising providing a conductive oxide electrode, 
depositing a first layer of a high dielectric constant oxide dielectric material comprising Ta20 5 on 
the conductive oxide electrode, oxidizing said conductive oxide electrode and said first layer of 
said high dielectric constant oxide dielectric material under oxidizing conditions such that at 
least the surface of said conductive oxide electrode is provided with enough oxygen to provide 
stability with said first layer of high dielectric constant oxide dielectric material, depositing a 
second layer of said high dielectric constant oxide dielectric material on said first layer of said 
high dielectric constant oxide dielectric material, oxidizing said second layer of said high 
dielectric constant oxide dielectric material, and depositing an upper layer electrode on said 
second layer of said high dielectric constant oxide dielectric material. 

22. A method as claimed in claim 15 wherein said second layer of said high dielectric 
constant oxide dielectric material is oxidized by rapid thermal oxidation. 

23. A method as claimed in claim 22 wherein the rapid thermal oxidation is performed at a 
temperature of less than about 700°C 

24. A method as claimed in claim 22 wherein the oxidation is performed in the presence of a 
gas selected from the group consisting of 0 2 and N2O. 

25. A method as claimed in claim 15 further comprising crystallizing said second layer of 
said high dielectric constant oxide dielectric material prior to depositing said upper electrode. 

26. A method as claimed in claim 25 wherein said second layer of said high dielectric 
constant oxide dielectric material is crystallized by heating said high dielectric constant oxide 
dielectric material at a temperature greater than about 700°C in an inert atmosphere. 
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27. A method as claimed in claim 25 wherein said second layer of said high dielectric 
constant oxide dielectric material is crystallized and oxidized by heating said high dielectric 
constant oxide dielectric material at a temperature greater than about 700°C in an atmosphere 
containing a gas selected from the group consisting of O2 and N2O. 

28. A method of forming a capacitor comprising providing a conductive oxide electrode, 
depositing a first layer of a dielectric material comprising Ta 2 0 5 on said conductive oxide 
electrode, treating said conductive oxide electrode and said dielectric material under oxidizing 
conditions such that both said conductive oxide electrode and dielectric material are oxidized and 
such that at least the surface area of said conductive oxide electrode is provided with enough 
oxygen to provide stability with said first layer of dielectric material, depositing a second layer 
of a dielectric material comprising Ta 2 0 5 on said first layer of said dielectric material, oxidizing 
said second layer of said dielectric material, crystallizing said second layer of said dielectric 
material, and depositing an upper layer electrode on said second layer of said dielectric material. 

29. A method as claimed in claim 28 wherein said second layer of said dielectric material is 
crystallized by heating at a temperature of greater than about 700°C in an inert atmosphere. 

30. A method as claimed in claim 28 wherein said second layer of said dielectric material is 
crystallized and oxidized by heating at a temperature of greater than about 700°C in an 
atmosphere containing a gas selected from the group consisting of O2 and N2O. 

37. A method as claimed in claim 28 wherein said second layer of said dielectric material is 
oxidized by rapid thermal oxidation. 

38. A method as claimed in claim 37 wherein said rapid thermal oxidation is carried out at a 
temperature of less than about 700°C. 
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39. A method as claimed in claim 37 wherein said rapid thermal oxidation is carried out in an 
atmosphere containing a gas selected from the group consisting of O2 and N2O, 

40. A method of forming a capacitor comprising providing a conductive oxide electrode 
selected from the group consisting of RuO x and IrO x , depositing a first layer of a dielectric 
material selected from the group consisting of Ta20s and Ba x Sr(i_ X )Ti03 on said conductive oxide 
electrode, oxidizing said conductive oxide electrode and said first layer of said dielectric material 
with a gas plasma such that at least the surface area of said conductive oxide electrode is 
provided with enough oxygen to provide stability with said first layer of dielectric material, 
depositing a second layer of said dielectric material on said first layer of said dielectric material, 
depositing an upper layer electrode on said second layer of said dielectric material, and oxidizing 
said upper layer electrode. 

41 . A method as claimed in claim 40 wherein said conductive oxide electrode and said first 
layer of said dielectric material are oxidized using a gas selected from the group consisting of O2 
and 0 3 . 

42. A method as claimed in claim 40 wherein the oxidation is carried out at a temperature in 
the range of from about 250° to about 500°C. 

43. A method as claimed in claim 40 wherein said upper layer electrode is oxidized using a 
second gas plasma in an oxidizing environment. 

44. A method as claimed in claim 43 wherein the oxidation of said upper layer electrode is 
carried out at a temperature in the range of from about 250° to about 500°C. 

45. A method as claimed in claim 40 wherein said upper layer electrode is selected from the 
group consisting of RuO x and IrO x . 
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46. A method as claimed in claim 40 wherein said conductive oxide electrode comprises 
RuO x and said first layer of said dielectric material comprises Ta?0 5 . 

47. A method as claimed in claim 46 further comprising oxidizing the surface of said 
conductive oxide electrode prior to depositing said first layer of said dielectric material. 

48. A method as claimed in claim 47 wherein the surface of said conductive oxide electrode 
is oxidized at a temperature in the range of from about 400° to about 475 °C. 

49. A method as claimed in claim 47 wherein the surface of said conductive oxide electrode 
is oxidized in an atmosphere containing a gas selected from the group consisting of 02,03, and 
N 2 0. 

50. A method of forming a capacitor comprising providing a conductive oxide electrode 
selected from the group consisting of RuO x and IrO x , depositing a first layer of a dielectric 
material selected from the group consisting of Ta20 5 and Ba x Sr(i_ X )Ti03 on said conductive oxide 
electrode, oxidizing said conductive oxide electrode and said first layer of said dielectric material 
using a gas plasma under oxidizing conditions, depositing a second layer of said dielectric 
material on said first layer of said dielectric material, oxidizing said second layer of said 
dielectric material, depositing an upper layer electrode on said second layer of said dielectric 
material, and oxidizing said upper layer electrode. 

57. A method as claimed in claim 50 wherein said second layer of said dielectric material is 
oxidized by rapid thermal oxidation. 

58. A method as claimed in claim 57 wherein the oxidation is carried out at a temperature 
less than about 700°C. 
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59. A method as claimed in claim 57 wherein the oxidation is carried out in an atmosphere 
containing a gas selected from the group consisting of O2 and N 2 0. 

60. A method as claimed in claim 50 wherein said upper layer electrode is oxidized using a 
gas plasma under oxidizing conditions. 

61 . A method as claimed in claim 60 wherein the oxidation is carried out at a temperature in 
the range of from about 250° to about 500°C. 

62. A method as claimed in claim 50 further comprising depositing a gas permeable electrode 
on said upper layer electrode prior to oxidizing said upper layer electrode. 

63. A method as claimed in claim 62 wherein said gas permeable electrode comprises 
platinum. 

74. A method as claimed in claim 1 wherein said high dielectric constant oxide dielectric 
material is selected from the group consisting of Ta20s and Ba x Sr(i_ x )TiC>3. 

75. A method as claimed in claim 1 wherein said conductive oxide electrode is selected from 
the group consisting of RuO x and IrO x . 

76. A method as claimed in claim 1 wherein said upper layer electrode is selected from the 
group consisting of RuO x and IrO x . 

100. A method of forming a DRAM cell comprising providing a conductive oxide electrode, 
depositing a first layer of a high dielectric constant oxide dielectric material on said conductive 
oxide electrode, oxidizing said conductive oxide electrode and said first layer of said high 
dielectric constant oxide dielectric material under oxidizing conditions such that at least the 
surface area of said conductive oxide electrode is provided with enough oxygen to provide 
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stability with said first layer of high dielectric constant oxide dielectric material, depositing a 
second layer of said high dielectric constant oxide dielectric material on said first layer of said 
high dielectric constant oxide dielectric material, depositing an upper layer electrode on said 
second layer of said high dielectric constant oxide dielectric material, providing a field effect 
transistor having a pair of source/drain regions, electrically connecting one of said source/drain 
regions with said conductive oxide electrode and electrically connecting the other of said 
source/drain regions with a bit line. 

101 . A method as claimed in claim 1 00 wherein said high dielectric constant oxide dielectric 
material is oxidized using a gas plasma. 

102. A method as claimed in claim 101 wherein said gas plasma is formed from a gas selected 
from the group consisting of O2 and O3. 

103. A method as claimed in claim 101 wherein the gas plasma oxidation is carried out at a 
temperature in the range of from about 250° to about 500°C. 

104. A method as claimed in claim 100 wherein said high dielectric constant oxide dielectric 
material is Ta2C>5. 

105. A method as claimed in claim 104 wherein said high dielectric constant oxide dielectric 
material is amorphous Ta2C>5. 



